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The Air Force WeaponsILaboratorv (AFWL)*performed Hydrodynamics Unlimited 
(HULL) calculations o^ the air blast over a dam for two yields and two 
pressure regions.    A |f4-fth calculation included a rigid blockhouse at the 
foot of the dam.    Although the shielding effect of the dam reduced the t*el|<«4|>4w4iM* 
overpressure>^^JJie--u>cideftt-Mgrt wave,—th^ reflection of the shock from 
the valley floor raised the peak overpressure up to at least 40% of the free 
air value.    In almost every case, the overpressure impulses near the foot 
of the dam were greater than or equal to the free air values.    The rigid y 
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blockhouse experienced the most severe overpressure environments. The assump- 
tion of a 50 psi 4^45 x ID6 dynes/sp cmhhard blockhouse is reasonable. 
During-tte^-collapse of the blockhouse, it appears to be rigid to the air flow 
since it responds slowly to the rapid air blast. Although there may be other 
reasons to detonate the weapon on the surface of the reservoir, the best way 
to destroy the blockhouse and any related structures with air blast, probably 
would be to detonate the device downstream of the blockhouse. 
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SECTION  I 

INTRODUCTION 

a J™TeS 0f
ri
theOreUCa, """""">• »' "«'«r „eapon ajr b,asts prop- 

a9at,n9 over a dan, structure has been competed.    The bursts „ere located over 
water behind the dam at such distances to give free «.1-       T 
3 45 x 10'  and f. «a      ,nS  „ 

peak »»^Pressures of 

Mr       il      t    t yneS/Sq " (50 and '0 PSi) JUSt *>«* "» ^. 
F     re 1 ^lustrates the proble. configuration.    These calculation-, „ere done 
„Uh „eapon y,elds of 50 and 1000 KT (209.15 and 4183.0 terajoules) 

th   c 1 ulat,ons.    For computational convenience and cost-effectiveness, the 

alculat,ons „ere si^ified by specifying a problem mesh to include only the 

area around the dam and using a left boundary condition that replicat st 

wave entenng from the left.    ■„ one of the calculations a perfectly     gd 

structure „aS inserted to investigate the loading of the Mast wave 

«f &Ä2 ^^JUffi»* ^Wlf <*»■ ^-TR-76., 83, 
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SECTION II 

COMPUTATIONAL TECHNIQUES 

Two computer codes were combined in these theoretical  calculations.    The 

Air Force Weapons Laboratory (AFWL) HULL  (Hydrodynamics Unlimited)  and the LAMB 

(Low Altitude Multiburst)  codes were used.    Both codes were developed at the 

AFWL during the last 5 years.    The HULL code is a hydrodynamics    code that solves 

the hyperbolic equations by a two-step finite difference technique.    On the other 

hand, LAMB is a system code that models nuclear phenomenology. 

1.     HULL CODE 

The HULL two-dimensional version was used to predict the hydrodynamic motion 

of the air blast waves in these problems. Basically the code solves the follow- 

ing equations. 

Conservation of Mass 

^ + PV.ü=O (1) 

Conservations of Momentum 

Conservation of Energy 

p#^p-pi dt 

P ^| + ^ • (PÜ) ■PÜ 

(2) 

(3) 

Equation of State 

where 

P = pressure in dynes/cm2 

E ■ total energy in ergs/gm 

Ü = fluid velocity in cm/sec 

P = P(P.E) (4) 
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g = acceleration of gravity in cm/sec2 

p ■ material density in g/cm3 

t, T = time in seconds 

The first three equations are approximated by a finite difference technique 

developed by Matuska*.    There are two phases in the solution; phase 1 solves 

equations (2) and (3) and phase 2 solves equation (1) by fluxing mass across 

cell boundaries. 

For the case of a two-dimensional problem, Cartesian coordinates may be 

used.    The first three equations are then rewritten as 

dp   .     /3U   .   9V \ _  n 

dt + P\9R+   3Z7      0 

du . 3P _ n 
Pät + 3R - 0 

dV + 
8P -  no 

dE . 3Pu . m = .DVa 

(5) 

(6) 

(7) 

(8) 

where 

R = horizontal coordinate 

z = vertical coordinate 

u = component of velocity in radial direction 

V = component of velocity in vertical direction 

To establish the finite difference analogs to equations (5) through (8), we 

cons ider a discrete subset of F{R,Z,T) by defining 

F(I,J,N) = F(R(I).Z(J),T(N)) 

where R(I), Z(J). and T(N) are particular values of R.Z. and T. respectively, 

and the I. J. and N assume integer values in the range 1 to IMAX for I. 1 to 

JMAX for J. and 0 to MAX for N. The R(I) and Z(J) are defined in terms of a 

given set of DR(I) and DZ(J) such that 

*Matuska, Dan, Private Communication, 1975. 

8 
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R(I)=R(0)+(SUM,K=1,    I-l,(DR(K)))+DR(I)/2 FOR I=2....,IMAX 

R(l)=R(0)+DR(l)/2 

Z(J)=Z(0)+(SUM,K=l,J-l,(DZ(K)))+DZ(J)/2 FOR J=2,...,JMAX 

Z(l)=Z(0)+DZ(l)/2 

where R(0) and Z(0) have some specified values. 

The hydrodynamic variables RHO (material density, p), U, V, and E are 

defined for each set of coordinates (I,J) at a particular time T(N),    The pres- 

sure P(I,J,N) is defined at each point by the equation of state (equation 4). 

Interpolated values of the hydrodynamic variables of the form F(I+1/2,J,N), 

F(I,J+1/2,N), or F(I,J,N+l/2), or similar forms, are defined in terms of the 

F(I,J,N).    In general 

F(I+1/2.J,N)  =  (F(I+l,J.i ,+F{I,J,N))/2 

and 

F(I,J+1/2,N) ■ (F(I,J+l,N)+F(I,J,N))/2. 

This defintion will apply except where explicitly noted. 

a. Phase I 

Using the above convention, we can write the finite difference analogs to 

equations (6) through (8) as 

U(I,J,N+l)=U(I,J,N)-DT*(P(I+l/2,J,N+l/2)-P(I-l/2,J,N+l/2)) 

/(RHO(I,J,N)*DR(I)) (9) 

V(I,J,N+l)»V(I.J,N)-DT*(P(I,J+l/2,N+l/2)-P(I,J-l/2,N+l/2)) 

/(RH0(I,J,N)*DZ(J))-DT*6(J) (10) 

E(I,J,N+l)=E(I,J,N)-DT/RH0(I,J,N)*((P(I+l/2.J,N+l/2) 

*U(I+l/2,J,N+l/2)-P(I-l/2.J,N+l/2) 

*U(I-l/2.J,N+l/2))/DR(I)+(P(I.J+l/2.N+l/2) 

*V(I.J+l/2.N+l/2)-P(I,J.l/2.N+l/2)*V(I,J-l/2,N+l/2)) 

/DZ(J)-DT*V(I,J.N+1)*G(J) (11) 

mam 
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where 

DR(I)  = horizontal  dimension of the  Ith column. 

DZ(J)  = vertical  dimension of the Jth  row. 

DT = T(N+l)- T(N) 

R(I+l/2)  =  R(I)+DR(I)/2 

R(I-l/2)  ■ R(I)-1/2DR(I) 

Z(J+l/2)  ■ Z(J)+DZ(J)/2 

Z(J-l/2)  •  Z(J)-1/2DZ(J) 

G(J) = value of the gravitational constant at Z(J). 

All the values appearing in equations (9) through (11) are immediately 

known except the time advanced (N+l/2) values for pressure and velocity. These 

time advanced values are used so that the approximations to the partial deriv- 

atives appearing in equations (6) through (8) may be centered in time and space. 

In the case where 

DR(I) = constant   for I = l....,IMAX 

and 

DZ(J) = constant   for J = 1,...,JMAX, 

this produces a fully second order accurate difference method. In a region where 

the DR(I) and DZ(J) are not constant the second order accuracy is lost. This 

adversely affects the stability of the first phase calculation. The amount of 

instability which may be obtained is related to the magnitude of the incremental 

changes in DR(I) and CZ(J). 

Most of the computations U\ the first phase are expended in obtaining the 

time advanced values for pressure and velocity. The time advanced velocities 

are obtained by differencing equations (6) and (7) as 

U(I+1/2,J,N+l/2) • U(I+1/2,J.N)-DT/(2*RH0{I+1/2,J,N+l/2)) 

*((P(I+1,J1N)-P(I.J.N))/(R(I+1)-R(I)))  (12) 

V(I,J+l/2,N+l/2) = V(I.J+l/2,N)-DT/(2*RH0(I.J+l/2,N+l/2)) 

*((P(I,J+1,N)-P(I,J,N))/(Z(J+1)-Z(J))) 

-G(J+l/2)*DT/2 (13) 

10 
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where 
« 

G(J+l/2) ■ (G(U)+G(J+l))/2. 

The time advanced densities appearing in equations (12) and (13) are obtained 

by differencing equation (5) as 

RH0(I+l/2,J,N+l/2) - RH0(I+1/2,J,N)*(1-DT/(2*R(I+1/2))*(R(I+1) 

*U(I+1,J,N)-R(I)*U(I,J,N))/(R(I+1)-R(I)))  (14) 

RH0(I,J+l/2,N+l/2) - RH0(I,J+1/2,N)*(1-DT/2*(V(I.J+1,N)-V(I,J,N)) 

/(Z(J+1)-Z(J))) (15) 

where 

RH0(I+1/2,J,N) • (M(I,J,N)+N(I+l,J,N))/(PI*(R(I+3/2)**2 

-R(I-1/2)**2)*DZ(J)) 

RH0(I,J+1/2.N) ■ (M(I,J,N)+N(I,J+l.N))/(PI*(R(I+l/2)**2 

-R(I-1/2)**2)*(DZ(J)+DZ(J+1))) 

and the mass associated with a point (I,J,N)  is  defined by 

M(I,J,N) =  RH0(I,J,N)*(PI*(R(I+l/2)**2-R(I-l/2}**2)*DZ(J)) 

where 

PI  «  3.14159...and    R(I+3/2)  = R((I+l)+l/2). 

The time advanced pressure appearing in equations  (9) through  (11)  requires 

a  little more effort.    First an alternative energy equation can be obtained from 
equations  (2) and (3)  as 

Jdt 

An effective y can be defined by 

pjä- + p(v.Ü) = o 

1     u   P Y  -   1  +^r 

11 

(16) 

(17) 
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We will assume for the purposes of calculating a half time step advanced pres- 

sure, which in turn is used in approximating the partial derivatives in 

equations (9) through (11), that the Lagrangian derivative with respect to time 

of gamma is small and can be ignored.    In application,  it is only required that 

the change in gamma at a particular point be small over a time of DT/2. 

Taking the Lagrangian derivative with respect to time in equation (17) and 

using equations (1) and (16), we can write 

£ + (GAMMA) (PH^.Ü)  = 0 (18) dt 

Equation (18) is used to obtain time advanced pressures given by 

P(I+l/2,J,N+l/2)  ■ P(I+1/2,J,N)*(1-DT*GAMMA(I+1/2,J,N)*(R(I+1) 

*U(I+1,J,N)-R(I)*U(I,J,N))/(2*R(I+1/2)*(R(I+1) 
•Him 

P(I,J+l/2,N+l/2) = P(I,J+1/2,N)*(1-DT*GAMMA(I,J+1/2,N) 

*(V(I.J+1,N)-V(I,J,N))/(2*(Z(J+1)-Z(J)))) 

where gamma is obtained from equation (17) as 

GAMMA(1+1/2.J.N) = l+P(I+l/2,J,N)/(RH0(1 + 1/2.J,N)*I{1+1/2,J.N)) 

GAMMA(I,J+1/2,N) = 1+P(I,J+1/2,N)/(RH0(I,J+1/2,N)*I(I,J+1/2,N)). 

All quantities needed to solve equations (9), (10), and (11) are now 

defined. Solution of these equations will complete a second order accurate 

Lagrangian calculation. The next step would normally be that of transporting 

mesh vertices. Instead we choose to flux the hydrodynamic quantities to retain 

the orginal mesh configuration. This calculation is done in Phase II. 

b. Phase II 

Changes in density are computed in phase II by calculating a mass flux be- 

tween mesh points and then transporting the appropriate amount of mass from point 

to point.    The transported mass carries with it a proportionate amount of 

internal energy and tiKr^entum.    The velocities and specific internal energy are 

12 
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then redefined at each mesh point by ctm'serving monentum and total energy at 

that point. 

The mass flux between mesh points is defined as the product of the interpo- 

late velocity, the density as defined by solution of equation (1), the inter- 

mediate cross sectional are«, and the time step. 

MF( 1 + 1/2,J,N+1) ■ U( 1 + 1/2,J,N+l)*RH0(I + l/2,J,N+l)*2*PI*R(in/2) 

*I)Z(J)*[)T 

MF(I,J+1/2,N+1) = V(I,J+l/;2,N+l)*RHO(I,J+l/2,N+l)*2*PI*R(!)*üR(I) 

*DT 

where the time advanced densities are obtained by differencing equation (5) as 

RH0(I+1/2,J,N+1) = RH0(ID.J,N)*(1-DT/R(I+1/2)*(R{I+1) 

*y(l+l,J,N+l)-R(I)*U(I,J,N+l))/{R(I+l)-R(I))) 

RH0{I,J+1/2,N+1)  « RH0(I,JD.N)*(1-DT*(V(I.J+1,N+1)-V(I.J,N+1)) 

/(Z(J+1)-Z(J))) 

where 

ID =  I IF    U{I+1/2,J.N+1)      GT      0 

= 1+1      IF    U(I+1/2,J,N+1)      LT     0 

JD = J IF    V(I,J+1/2,N+1)      GT      0 

= J+l      IF    V{I,J+1/2,N+1)      LT      0. 

This is the classical donor cell differencing technique.    The most obvious 

advantages of this technique are its rigid numerical conservation and its 

stability.    This scheme also insures that more material can not be removed from 

a point than is present. 

HULL has a continuous rezone capability.    When this is employed, the 

interpolated velocities appearing in the mass flux equations are replaced by 

U(I+1/2,J,N+1)-UR(I+1/2,J,N+1) 

V(I,J+1/2,N+1)-VR(I.J+1/2,N+1) 

13 
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where UR and VR are the interpolated grid velocities (determined arbitrarily by 

how fast one wishes to transport the coordinate grid). 

The corresponding momentum fluxes are 

UF(I+1/2,J,N+1) 

VF(I+1/2,J,N+1) 

UF(I,J+1/2,N+1) 

VF(I,J+1/2,N+1) 

and the energy fluxes are 

MF{I+1/2,J,N+1)*U(ID,J,N+1) 

MF(I+1/2,J,N+1)*V(ID,J,N+1) 

MF(I,J+1/2,N+1)*U(I,JD,N+1) 

MF(I,J+1/2,N+1)*V(I,JD,N+1) 

EF(I+1/2,J,N+1) ■ MF(I+1/2,J,N+1)*E(ID,J,N+1) 

EF(I,J,1/2,N+1) = MF(I,J.1/2,N+1)*E(I,JD,N+1) 

When these quantities are fluxed, final values for mass, density, velocity, 

and energy are computed by 

M(I,J) = M(I.J,N)+MF(I-1/2,J,N+1)+MF(I,J-1/2,N+1) 

-MF{I+1/2,J,N+1)-MF(I,J+1/2,N+1) 

RH0(I,J) - M(I,J)/(PI*(R(I+l/2)**2-R(I-l/2)*DZ(J)) 

U(I,J) • (U(I,J,N+1)*M(I,J,N)+UF(I-1/2,J,N+1)+UF(I,J-1/2,N+1) 

-UF(I+1/2,J.N+1)-UF(I,J+1/2,N+1))/M(I,J) 

V(I,J) ■ (V(I,J,N+1)*M(I,J,N)+VF(I-1/2,J,N+1)+VF(I,J-1/2,N+1) 

-VF(I,J+1/2,N+1)-VF(I+1/2,J,N+1))/M(I,J) 

1(1,J) = (E(I.J.N+1)*M(I.J,N)+EF(I-1/2.J,N+1)+EF(I.J-1/2,N+1) 

-EF(I+1/2,J,N+1)-EF(I.J+1/2.N+1)-(U{I.J)**2+V(I,J)**2) 

*M(I,J)/2)/M(I,J) 

E(I,J)  •  I(I.J)+(U(I.J)**2+V(I.J)**2)/2 

where the lack of a time specification indicates final values for this time 

step. 

14 
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2.     LAMB CODE 

The LAMB code  is a three-dimensional  system code.    It is basically a model 

based upon two and three-dimensional  HULL calculations  (ref.  2).    The phe- 

nomenology that LAMB can predict includes shock-shock, shock-fireball,  fireball- 

fireball, shock-ground and fireball-ground interactions.    Since it is a model, 

it can quickly predict a complete hydrodynamic description  for a freefield 

environment at a point in space and time. 

2.    Needham, C, Matuska, D., Bauer, B., and Whitaker, W., Air Force Weapons 
Laboratory LAMB Model. AFWL Technical Note, 1972. 

15 
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SECTION III 

PROCEDURE 

The computational method that has been employed in these calculations is a 

hybrid of the normal  hydrodynamic calculations with the LAMB model.    Since the 

LAMB code predicts only the free field environment, the hydrodynamics code HULL 

must -be used to predict the fluid flow over or around objects.    The configuration 

of the problem is a blast wave running off the top of a man-made dam.     It is a 

two-dimensional  problem that can be solved in slab geometry; that is, two- 

dimensional Cartesian coordinates.    Initial  conditions assume a standard tem- 

perate atmosphere at sea level with respect to the base of the dam. 

1. MESH SIZE 

In order to sharply define the dam and the structure used for the compu- 

tations, the size of the rectangular mesh chosen was 200 columns and 130 rows. 

The area covered by the mesh is indicated in figure 1. In addition, the area 

from the left boundary to the right of the structure was finely zoned with cells 

being equal to 1 meter in the horizontal and vertical directions. Beyond the 

structure, the cell sizes were incrementally increased 10 percent in the hori- 

zontal direction. 

2. BOUNDARY CONDITIONS 

There are two types of boundary conditions normally used in the HULL code. 

A reflective boundary is utilized at the center of symmetry or whenever a 

perfectly reflecting surface is used. The transmissive boundary utilized is 

simply a set of mesh points constrained to be ambient. It is perhaps better 

termed an observer of a boundary. 

For these problems we have used reflective boundaries at the top and bottom 

and transmissive at the right. At the left boundary the time dependent hydro- 

dynamic values were preset from LAMB at each time step. The AFWL LAMB code 

was used to obtain the correct variables for the specified weapon yield as a 

function of time for the boundary. A good representation for the air blast 

waveform can be obtained in this manner. 

In order to represent the dam as well as the structure within the problem 

mesh, the island construct of the HULL code was used. Islands are simply a name 
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for an algorithm which inserts reflecting boundaries for any geometry within the 

mesh. As a result, the dam and structure below the dam are outlined with reflec- 

ting boundaries and the cells within these boundaries become inactive. 

3. STATIONS 

In an effort to monitor the loading on the structure and the physical param- 

eters of the shock as a function of time, stations were placed at various points 

in the mesh. T> hydrodynamic variables of these points are recorded for every 

time step and stored on a separate data tape. Figure 2 indicates the location 

of the stations in the mesh. 

From the station data one can compute the arrival time of the shock front, 

the peak overpressure and its impulse, the dynamic pressure and the dynamic pres- 

sure impulse. 
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Figure 2.    Detail of Station Locations 
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r 
SECTION IV 

RESULTS 

This study of air blast loading included four combinations of yield and 

range.     They were 1 megaton and 50 kilotons  (4183.0 and 209.15 terajoules)  at 

the 50 psi  and  10 psi   (3.45 x 10b and 6.89 x 105 dynes/sq cm)  ranges.     In  Edi- 

tion, a  fifth problem, 50.017,  included a perfectly rigid blockhousp struc    re at 

the foot of the front face of the dam.    Table 1 summarizes the calcufations. 

HULL 
PROBLEM 
NUMBER 

51.013 

51.014 

51.015 

51.016 

51.017* 

Table 1 

SUMMARY OF PROBLEMS 

YIELD 
(KT) 

BURST       HEIGHT 
POSITION     OF BURST 
XQ (M)       ABOVE WATER 

NOMINAL 
FREE FIELD 
OVERPRESSURE 
dynes/sq cm 

1000 1360.9          0 3.45 x 106 (50 psi) 
1000 3098.9 ,        0 6.89 x 105 (10 psi) 

50 427.0          0 3.45 x 106 (50 psi) 
50 1063.1          0 6.89 x 105 (10 psi) 
50 427.0          0 3.45 x 106 (50 psi) 

*This problem includes the structure at the foot of the dam. 

To understand the overall phenomenology, consider the two-dimensional contour 

and vector plots in appendix A for problems 51.015 and 51.017, 50 kilotons at the 
50 psi  range. 

For the first 30 meters from the left side of the computational mesh, the 

blast travels over the top of the dam reservoir, which is assumed to be rigid. 

When the blast reaches the front of the dam,  it expands downward reducing the 
overpressure. 

TU 
The reduction in peak pressure is shown by the contour plots of appendix A. 

At a time of 480 milliseconds for problem 51.0170 the peak pressure near the face 

of the dam is approximately 2.5 atmospheres while the free air shock is over 3.4 

atmospheres.    As the shock front expands down the face of the dam, a rarefaction 
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begins to develop.    Examination of values  in table 2  indicates this effect. 

Stations 24, 25,  and 26 are at the same ground range but at increasing heights 

above the top of the dam.    The peak overpressure increases with the height above 

the dam from 2.77 x 106  dynes/sq cm at a point even with the dam top to 3.61   x 

106  dynes/sq cm a distance 32 m above the dam.    The impulses are similarly 

affected.    The reduction in pressure and impulse above the dam is a result of 
mass and energy flow down the face of the dam. 

From the time the shock enters the left boundary to a time of 480 milli- 

seconds, problems 51.017 and 51.015 (with and without the structure) are identi- 

cal.    As the shock impinges upon the structure, however, the flow is considerably 
modified. 

Consider first the less complex shock reflections as the blast wave traverses 
the flat surface with no structure (problem 51.015). 

In problem 51.015, the blockhouse was composed of air.    Trace particles 

located in the region of the blockhouse moved with local air velocities as the 

blast swept by.    They simulate the debris from a very fragile structure. 

The shock reaches the bottom of the dam at a time of just over 0.5 second; 

at this point the shock is much weaker (about half the strength) than the free 

air shock above the dam.    By a time of 0.53 second the free air shock has 

passed out of the region of the blockhouse and the shock near the base of the 

dam has reflected.    The peak reflected pressure is greater than the free air 

pressure, but it must be remembered that the vertical  flow is stagnated and 

therefore there is  little dynamic pressure associated with this overpressure. 

An interesting side effect is the circulation pattern developing along the 

face of the dam.    This is the same effect that would be seen over the trailing 

edge of an airplane wing.    The flow over the dam creates a partial vacuum along 

the face of the dam.    This flow and reduced pressure have little effect on the 

peak pressure near the base of the dam. but do reduce the positive duration and 
impulse near the base. 

As the reflecting shock travels away from the base of the dam, the effect of 

the dam in reducing peak pressure becomes less important.    This is seen by the 

increasing peak pressures between stations 1 and 27 (from 3.6 to 4.1 atmospheres). 

The reflected pressures at stations 1 and 27 are somewhat greater than in the free 

air stream as described above; however, as the distance between the shock and the 

dam base increases, the shock characteristics approach those of the free air 
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reg,on     The overaH effect of the ^ beco^s ne9,iglb,e after th. shock has 

traveled approximately four dan, heights, in this case 400m. 

The above description and effects are edified when the structure at the base 

0f t     d mTs included.    No* consider the two-dirensiona, contour anvecto 

10ts for problem 51.017 (appendix A).    The blockhouse <» ^^S   ^ 

hl..t is more complicated than in the previous example.    In the region blast is more compnc ,i,„i, u intensified by the convergence of 
the dam face and the blockhouse, the shock Is intens,fie     y 

TU^ ehnrk strikes the upper corner of the structure at    WP 
the two surfaces.    The shock strikes n 
iMte,y m ms.   The reflected pressure - -corner ie     t . ^ ^ 

p,a"ar M c r^r:; :r::'rti: rr... .^,«. are 
rrrXnelXr^me time.    The loading on the roof is^ably 

— ^ the;"U::: r irofTe^rc t^^-ndis ire^y stagnated, 
shock contmues down the front face oT ™ structure, and 

percent greater than the initial shock, and arrives approx^tely 50 ms 

the first. 

- the rejected shock reaches - ^r co.. o. the ^   ^ ^ 

pressure has dropped to about 150 percent of the flflt shock, 

the free air incident pressure. 

On the back of the structure, pressures are significantly reduced, and at 

the midpoint the pMk overpressure is less than 1 atmosphere. 

The pressure gradient ecross the structure tends to translate the structure, 

m this case the pressure difference is about 4.3 atmospheres. 

Tahles , and 3 list the peak values of the station data.    ''*'-^1' 

„ominauy 1 «gaton in the 50 psi  (3.45 ' «V*»^ ^   bast   o e'can 
overpressure at station 26, the station closest to the free a<r 

see that the overpressure is 7 percent below the nommal  value. 

The station data show that the effect of the dam is to -f" "^^ 
shock by rapid expansion.   The incident overpressure It one half of the free 

valul (at station 26,.    However, the reflection of the shock off the ground 
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below the dam increases the overoressurp. on n, 
value. verpressures on  the ground above the free air 

Overpressure in the refWtpH ch^L A 

^ s^ e.pa„ds up^ar. e   ^ tT"" T ^^ ^"^ " 

the re(„forceTO„t o   the ref      e       d ."     * inCreaSin9 '^  f™ 
not fro. the Nach ste^h c     < """• T"iS ™"f°™™t " 

st-,thenS the ^U   ^„TTf" .^n*"'/'0" ^ '" ^ ^ ^ portion ot the flow away from the dam. 

Although the peak overpressure (^ u..uiiu , 

the free air above the dam   th 7 ' "ear the b,OCkhouse tha" '" 

h.ockhouse than Üe th"       """^ ^" " ""^ "^ "'" «» 

While buildings are vulnerable to overoressurp ^ « 
objects such as towers    truck,   «K     0Ver

j
PreSSUre and ove^ssure impulse, 

dynamic pressure.  ^\ ^ is ^T POleS are "^^ t0 the dra9 ^ ine latter is reduced m eve^v rfl<:p in fh« ^    • 
the dam.    The dvnamie pressure impu,ses „ere as c t   f""   " " 

only enhancement of dynamic pressures occurred   n the     V 9,0n-    "" 

-. - «... compared to the free ^2^1^™"- ^ 

ences in the inputs    the calmi.M      ,u   ^nes/scl cm).    Considenng the differ- 

Pheno^nolo^ wL"he   L h "p"^ ITjr T^4-    ^ ^" 
the dam protected the M«««.. JH " ^ ^IV::":"56-    H0WeVer- 
of 50 psi. 0f 10 psi than for the cases 
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APPENDIX A 

SNAPSHOTS IN TIME 

The following information will be useful in interpreting the three types of 

plots that follow. 

1. Vector Velocity Plots: These plots show only the largest velocities. The 

scale is in kilometers/second and the magnitude is based on the scale in the 

upper right hand corner of the plots. The point of each measurement is the 

beginning (tail) of the arrow. 

2. Relative Pressure Contour Plots: Relative pressure is the ratio of the local 

pressure to the ambient atmospheric pressure. The contour lines connect points 

of equal relative pressure and are analogous to isobars. The contour values 

given in the upper right hand corner are dimensionless. D x 1 is the width of 

the first computational column, and min and max refer to the minimum and maximum 

relative pressure values. Note that the dots in the various plots represent 

different things in the same plot. 

a. Some of the dots merely denote measurement stations as can be seen by 

referring to figure 2. These dots do not move with the calculation. 

b. Rigid structures are outlined by dots for convenience. The dam and 

structure are thus both outlined by dots. These structures do not move as the 

calculation progresses. 

3. Trace particles have been placed where the structure would have been in 

some of the calculations. These trace particles move exactly with the flow and 

"trace" the movement of any fluid displacement. 

. 
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APPENDIX B 

STATION PLOTS 

Station plots are the calculational equivalents of experimental sensors. At 

the prescribed station points, all available calculated data are recorded. The 

plots show the value of the hydrodynamic variables with respect to time. Note 

that the station number with its location can be determined by referring to 

figure 2 or by the coordinates given in the upper right hand corner of the plot. 

The radius is the X coordinate and the height is the Y coordinate with respect 

to the lower left hand corner of the computational mesh. 
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HORIZQNTRi DYNAMIC PRESSURE 

PROBLEM - Eä.0150 
STWIQN = 37 
HRDW;   - I,UOr;0E^i CM, 
HEIGHT    - l,LOOOE*03 CM. 

4S0.O     490.0      5i0.0      540.0      570.0     PQ0.O      630.0      660^0      siÖ^Ö     720 .'o      750.0 
TlttElHS. j 

PiFWL HULL  CflL  QF 50KT EFFECT  ON DRM Rl  50PSI  RANGE 
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«^T' 



AFWL-TR-76-154 

VERTICflL   DYNRMIC PRESSURE 

-.c - 

-c,.r' - 

-10.0 

a 
5   -I'J.O 

9 
S   -2C.Q   4 

-PS.Q   - 

-30.0   - 

-35. ü   - 

■*tO.Q 

-45.0 

1 (v 3? 
I,«BOE*ak   CM, 

HEIGHT    -     l,iÜQQE-03    CM. 

mA    wec.o    sio.o    r.4C.ö    imS    ßoo.'o    eiZö    Sü    SGO.'C    72U.'ü    ?^O 

TIME(MS.) 

PFWL HULL Cm   OF 50KT EFFECT QN DPM qi 5ÜP5I RPNGE 

. 
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AFWL-TR-76-154 

OVER PRESSURE 
30. Q 

2?.Q 

21.0   -i 

2     18.0 

|     IS.0 

b 

1.0 

3.0   - 

I 

PR8BLEH -- bi.OlK) 
siqiiON -- US 
mow  - l.'jOvCE^i CM, 
HEIGHT    " ^^ooot^oa CM, 
PC i.ooasE^os 

i^CQ     480.0     SiO.C     540.0     570.0     SüC.O     fi30.O     WO.O      «CO     720.0     750.0 
TIMEUr;.) 

flFWL HULL CflL   OF bOKT EFFECT  ON DflM q"l   50F5[  RfiNGf 
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AFWL-TR-76-154 

HORIZBNTRL DYNAMIC PRESSURE 
40. n 

36.0 - 

32.0 

?8.0 - 

sr 
o 
3 2H.Q 
£ 

? ?0.0 

r 
ts.o 

12.0 - 

6.0 - 

n.a - 

.,= i 

PROBLEM -- ^i-C'IbQ 
OTRHON - 45 
RRÜUJS    "- [.«^BOEKW CM, 
HEIGHT    = 2.aüOOE*<33 CM, 

'.'=!';,'j  480.Q  SIQ.Q  911.0  570 .'O  80». Q  630 .'D  66070  siÖ^O  72Ü.0  7^0.H 
TIMERS.) 

flFWL HULL CflL   3F 50KT  EFFECT  ON DRM AT  5QP5I   mNGE 

94 

' 





^■^■v-.--... ■.-:■.. :. ..,.,. ... 

AFWL-TR-76-154 

VERTICAL DYNRMIC PRESSURE 

-.0 

-s.o  - 

10.Q 

m 
7. 

-?0.Q - 

I * i.Q 
I 

-30.0 - 

-35.0 - 

-HO.Q 

I 
2 

^^          OTfflWN -- 
RRDIUO   " 
HEIGHT    = 

48 
ii060E*CH   CM. 
aoooE^ö  CM. 

"^SMI      5ÜQ     SiO.'o     iiiZÖ      570^0     eÖÖ^Ö     63070      660.0      830.0      720.0      750.0 
TIME IMS.) 

RFWL HULL CflL 3F 5GKT EFFECT ON DflM AT 50PSI RflNGf 
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AFWL-iR-76-154 

*»0.0 

IS.Q   - 

15.; 

U.O 
jr 

E     12 D 

T. 
Q 

m <     10.0 In 
i 
t    *-* ■ 
I 

6.0   - 

'i.O   - 

2.0 

OVER PRESSURE 

PROBLfe-H - &i,Ol90 
SFilION - 64 
RADIUS   - ua^oE^i CM. 
HEIGHT    -- ^.ÄGCE-03 CM. 
PQ I,0038E*06 

wo.o    1.60-0    510.0    wc^o   STCMÜ    (SSJö    siöTo    seöTo" 
TIMEtrc.; 

S'aO.Q      720.0      750,Q 

«FWL  HULL CflL   CIF 50KT EFFFC7   ON DPM fll   50P3r  WNGF 

96 



i 

# 

AFWL-TR-76-154 

MO.n -r 

M.o 

3^.C 

?8 C   - 

?.il.C   - 

?   sec 

t 

16.0   - 

ia.9 

e.o - 

ii.Q   - 

.c +- 

HÖP11F0NTHL   DYNAMIC PRESSURE 

PRÖfi.EM "■ bi^OLSO 
lim IHN -- 8)4 
RfSJtUO    " 1,^^*04 CM, 
HEIGH!    " 2,200^*03 CM. 

T 1 

458.Q     li8D S    sIoÜ   US    ^Zö    söcTö    sic^n   SihC    S3    ^Q    ^-^ 
TIMERS.) 

RFWL HULL CflL   OF 50KT EFFECT  3N DflM qi   50PSI  R^NGE 
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AFWL-TR-76-154 

VERTICAL. DYNRMIC PRESSURE 

- G 

•to, > fi   - 

3 

a 

«-I 

-3C.0 

-.35.0 

-40.0 

RRDEUS   -    l,2@5QEH)4   CM. 
HEIGHT    -   2,ffiOOE*03   CM, 

*tiSS.Q      '■»6DTä     510^0     m'Ö-    57Q!O     SOÖTQ      ß30.Ü      980,0      ß3ö,C      720,0      75Ö.Q 
TIMEUr?./ 

eFHL  HULL  CRL   Ef 5ÜKT EFFECT  ÖN DRM fil   5QP5I  RflNGF 
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AFWL-TR-76-154 

OVER PRESSUHE 
40.0 

36.0   • 

32.0   ■ 

38.0   ■ 

o 
5    24.0 

I 

g 

20.0   - 

16-8   - 

12^   - 

S.O   - 

4.0 

PflOOJEH s        51.0160 
STflTWM s                 22 
Hfloius s  i.nsoe^cw en 
ritIGHT   r   2,2Q00£*O3 Ol 
PO          «   1.003fie«OB 

" HOJ      nS.O      190.0     «S.O     ISO.O     ISS.O     200.«     2BS.O     2IO.O     2lS.O     250.0 

Si. OF  50KT ffFeCT ON OflM AT 10 PSI  hflMGE 

99 



AFWL-TR-76-154 

HORIZONTAL DYNAMIC PflESSUFIE 

PIMBLEN = 
STBTMll = 
mtme ■ 
HEIGHT   s 

51.0160 
m 

I.ITSOE««   CM. 
2.XD7E*Q3   CM. 

178^   *SS   iSTo   i«?ö   iiü!ö   iss.'o   SS   ai?o   sio.'o   sis.'o   Sja 
TIIKCSCCJ «lo*) 

AFWL HULL CflL QF 50KT EFFECT ON OflM AT 10 PSI RANGE 

100 

- mil 



<» 

AFWL-TR-76-154 

I 

CO 

5.0  ■ 

VERTICAL DYNAMIC PfOSUPE 

PMBLEH » 
STflTIQ* ■ 
RROXVff « 
HEIGHT   • 

S1.016Q 
72 

I.ITSOC*«   01. 
2.3W0WB   CM. 

-n.Q 
I7Q.Q     IIS 

lo   «.'o   iw-'o   i«;o   i«:o   «.'o   as-o   sio'o   «s'o   SC« 
TIRECXC)  «10-^ 

flFML HULL CflL OF 50KT EFFECT QN ORH AT 10 PSI RANGE 
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AFWL-TR-76-154 

60.0  n 
QVEPi PRESSUflE 

PWOBLEH SI.0160 
STflHOll s m 
WOIUS ■ 1.175QE«« CM. 
HEIGHT s i.isooeMH 0!. 
PO z l.QDNC^OB 

JSe-O     16?.'0     26f'O     nTÖ     16Ö!Ö     IflTÖ     1«?Ö     läTÖ     »TÖ     iÜM)     216.0 
TitiecsEC) txio-«» 

PFWL HULL CflL OF 50KT EFFECT ON QRM AT 10 PSI RANGE 
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AFWL-TR-76-154 

t 

20.0 

lf.0 

lf.0 • 

lf.0 

H 
= 17.0   1 

10.0 • 

t.Q • 

1.0 - 

«.0 

?.o 

-.0 

HORIZONTAL CNNfWIC PPES5URE 

eMBUL* 51.018Q 
STROM s 25 
flWIUS s i.nsae«« Ol. 
HEIGHT a- 1.1SDK«04 01. 

ISM     MJIO     MM     rW.0     «.0     1M.0     2S8.0     tfl.0     aW.0     ?W.O     21f.l 
TtKCKCl r<io-^ 

ftFHL HULL CflL OF 50KT EFFECT ON OflM PT 10 PSI BflNGE 
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AFWL-TR-76-154 

VERTICAL DYNAMIC PRESSURE 
o.o -, 

-fi.O   ■ 

-12.0   - 

IT 

O 

I   -2H.0   H 

-30.0   - 

-36.0   - 

-42.0   - 

-46-0   - 

-S^.O   - 

rATION = 
HflOIUS = 
HEIGHT    = 

Sl.OUO 
25 

I.ITSQE^N 
l.l50QEi»r'CM. 

-60.0   J( 1 i r i i i i r r  
1S6.0     162.0     166.0     174.0     160.0     166.0     192.0     196.0 20H.0     210.0     216.0 

TIHCCÄCJ   IXIO-*! 

AFWL HULL CAL OF SOKT EFFECT QN OflM AT 10 P3I RANGE 
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AFWL-TR-76-154 

90.0 

81.0   - 

72.0   - 

68.0   - 

a- 
o 
Ü*     5t|.0   J 

>    »43.0   4 

38.0   - 

27.0   - 

16.0   - 

9.0   - 

I 
OVER PRESSURE 

PMBLEH =         51.017C 
STflTIflN =                    I 
Rflorus =  i.nsoE^w 01. 
HEIGHT   =    l.00O0E*O2 CH. 
PO          =    l.0036E*06 

■»IM.O     510.0     540.0     570.0     800.0     830.0     680.0     690.O      720.0     750.0     780.0 
riHEJW.I 

flFWL HULL CfiL OF 50KT EFFECT ON OflM AND STRUCTURE AT 50P5I BfiNGE 
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AFWL-TR-76-154 

miZONTflL DYNAMIC Pf€3SUf€ 
2>i.O   n 

lfl.0   - 

12.0 

8.0 

ir 

S       -.0    - 
r 

S   -6.0 H 

I 

rv. 

1?.0 

•18.0 

-2ti.O 

-30.0 

(flOöLEM = 
5mm - 
RADIUS   s 
HtlGHT   s 

51.0170 
1 

l.nSOWN   CM. 
l.OOO0E*O2    CM, 

-38.0     | 1 1 1 1 1 < 1 ' »" 
480.0      510.0      540.0     510.0     GOO.O      630.0      660.0     690.0      720.0      750.0      780.0 

flFWL HULL CRL OF 50KT EFFECT ON OflM RNO STRUCTURE PT 50P5I RPNGC 
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- - 

AFWL-TR-76-154 

VERTICAL DYNAMIC PRESSURE 
2.0 

0.0   - 

-2.0   - 

-4.0 

o 
5     -6.0 

^     -8.0 
UJ 

-in.o - 

-12.0 

14.0 

•16.n 

18.0   4 

paaBLe« a _si.ono 
STprjON = 1 
Rflorus   s   i.nsQE+cm  CM. 
HEIGHT    s    l.OOQQE^Q?    CM. 

480.0     51Q.0      540.0      570^0      8QQ.8      630 .'o      66^0      690.^0      720 .'o      750*0      mo 
riMEIKS.! 

AFWL HULL CflL ÖP 50KT EFFECT ON DAM ANO STRUCTURE AT 50P3I RANGE 
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AFWL-TR-76-154 

OVER PRESSURE 
60.0 

54.0   - 

W.O   - 

42.0   - 

«■ 

o 
E     36.0 

"     30.0   - 

I 
24.0   - 

IB-O   - 

12.0   - 

6.0   - 

PflOBLE« =   51.0170 
STflTIQM r        |J 
RBOIUS =    l.l75Q£*a4 CM 
HtlOHT = I.IOQOE^CB CH 
po   = i.aaascx» 

*&".()     6J80.0     510.0     9*0.0     570.0     SOO.O     630.0     660.0     690.0     720.0     750.0 
TlhtfW.J 

flFWL HULL CflL OF 50KT EFFECT ON DOM AND STRUCTURE AT 50P3I  RANGE 
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AFWL-TR-76-154 

ir.o -, 

16.0   - 

14.0   - 

I?.0 

o 
2     I0.Ü 

x D 

I o 

£ 

6.0 

4.0 

2.0   - 

.0   - 

-3.0 

HORIZONTAL DYNAMIC PPE35IJRC 

PMBLE« r 
5T8rj(}N r 

HtlCHT = 

51.0170 
11 

I.ITSOE^O^ CH. 
).100ü£*Q3 CH. 

«^     S!     5lÖ!Ö     9»üTÖ     ^TÖTÖ     ^Ö     63Ö?Ö     «Ö^Ö     ÖOTJ 
rihcfHs.i 

690.0     730.0     750.0 

flFWL HÜLL CPL OF 5QKT  CFFCCT ON DflM flNO STRUCTURE AT 50P3I RANGE 
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ArWL-TR-76-154 

1.0   -r 

2.0   - 

-.0   - 

-3.Ü 

«r 
o 
5     -4.0 

8 
-6.0 

S -••0 

■10.0   - 

•12.0   - 

■14.0   - 

-16.0 

VEflTICOL DYNHMIC PPE33UPE 

WOIUS    = 

51.017Q 
11 

1.17jat*(W    CH. 
Laiüt*a3   CH. 

YSO.O     «0.0     510.0     9*0.0     970.0     600.0     630.0     660.0     690.0     mo     "750.0 
n«tfH3.» 

flFWL HULL CBL OF SQKT EFFECT ON DflM flNO STRUCTURE AT 50P3I flPNGE 
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AFWL-TR-76-154 

QVEP PRE33UPE 

^ 

40.0   -r 

3«.0   - 

3J.0 

28.0 

o 
5    24.0 

5 
s    30.0 I 

V     lfi.0   - 

i 
12.0 - 

8.0 - 

f.O 

PdOBLtH 

flPOIUS 
HtlDHT 
PO 

51.0170 

l.PSOt»«   CM. 
j 2auu«r-03  CH. 
l.aaj6E>Q6 

'SsuTö   SoTö   siöJö   5«JÖ   iSi   eoo.'o   eiölö   «DNÖ   eiöTö   73030   mo 
nut»«.» 

flFML HULL CPL OF 50KT EFFECT ON OflM AND STFUCTURE flf 50P3I RANGE 

ill 



AFWL-TR-76-154 

HOPlZONiflL OYNflmC PP.E53UPE 
2^.0 

?*.0 - 

21.0 

II.0 - 

■ 
S     15.0 -j 

12.0 

i 0 • 

f.O • 

1.0 - 

-.0 - 

•9.0 

PMBLL* « 51.0170 
iTpTMN s 72 
worus - i.nsowa LH. 
HCT(HT   = 7 20üOE«Oi LH. 

«o.o   MO.'O   5io.'o   iES   mö   eoo.'o   eso.'o   BÜ   flso'o   TJO.O   ^O.O 

' 

flFML HULL CPL OF SOKT EFFECT ON OflM AND STFiUCTUFie AT 50P3I PflNGE 
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MMe>' 

AFWL-TR-76-154 

VEPTICfiL OYNRniC PPt53UP£ 
45.0 

3«.0   - 

3^.0   - 

11.0 
«- 
o 
r    ».o H 

S    - o - 
I 
j ■'■0 

i 
-II o   - 

-7T.0   - 

-31.0   - 

-«5.0 

PMBLt* - SLOlTO 

J.nS06»C»l   CM. 
.?QüOC«Oi   CH. 

•150.0     «80.0     510 A   9>wTö   s7Ö!o   «ÖJD   eio.'o   eeo.'o   So   mö   mo 

flfWL HULL CPL OF 5QKT EFFECT ON DflN «NO STflUCTUPC AT 50P3I RANGE 
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AFWL-TR-76-154 

OVER PRESSURE 
H5.D 

40.D 

35.0 

30.0 

O 

S     ?5.0 

i 
UJ 

e 

20.0 

15.0 

ID.O    - 

5.0   - 

-.0 

PflODLEH =         51. OHO 
fTOTIW -                  26 
SHOWS   =    1.17S«:*« CM 
HEIGHT    r    1,290QF>04 CM 
P0            r    l,QQ36E*0e 

'360.0      1400.0      WO.O      480.0      530.0      560.0      6QOTD      $$M      mLO      VsÖTo      760.0 

fiFWL HULL CflL OF 5QKT EFFECT ON DflM AND STRUCTURE AT 50P5I  RANGE 
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AFWL-TR-76-154 

f 
140.0 

36.n 

3?.n  - 

^ß.O 

n.ü - 

■ 
I      20.0 

I 
16.0 

12.0 

8.0 

I.Q 

HWIZONTflL DYNPHIC PRESSURE 

''HOBLEH s   51.0170 
STpriQN -        36 
RPDIUS r 1,175«*« CM. 
HEIGHT = 1,390QE*Q4 CM. 

V 
J6OTD      IWÖTÖ     mÖ     WO.'o      520 .'o      560.0     600.0     640.0      680.0      720.0     760.0 

riMEfns.) 

PFWL HULL CflL OF 5QKT EFFECT ON DflH AND STRUCTURE RT 50P3I BflNGE 
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AFWL-TR-76-154 

VERTICAL DYNAMIC PRESSUPE 
6.0 

-.0   - 

-6.0 

-IJ.0   - 

tr 
a 
=   -li.O    i 

-211.0   - 

-36.0   -I 

-H2.0   - 

-m.o - 

-54.0 

2f 
l.l750t*Q4    CM. 
l.?9O0E«-O4    CM. 

360.0      WO.'O     mÖ     tMQ.'o     SSQ.'o      560.^0     SOO.'o     ©«LD     680.0     720.^0     760.0 
riMEfW.I 

RFWL HULL CflL OF SQKT EFFECT ON DflM AND STRUCTURE PT 50P3I RANGE 
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AFWL-TR-76-154 

OVER PRESSURE 
10.0 

9.0   - 

8.0   - 

7.0 
«• 
o 
E       6.0 
■ ■ 
§    s.o I >• o 

9.0 

2.0   - 

1.0   - 

PROBLEliy         51.0170 
STpriQH \                 37 
RUDIUS   =\l.M50£*(M CM. 
HEIGHT   r  \loaOE*a3 (H. 
PO           =    1.TO6E*« 

'WO.O      510.0      540.0     mo     600.0      630.0     660.0     690.0     730.0      750.0      TbO.O 

flFWL HULL CflL OF 5QKT EFFECT ON DflM PNO STPUCTURE AT 50P3I RPNGE 
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AFWL-TR-76-154 

HöHIZONTPL DYMPMIC FPE33IJPE 
i.i 

.0 

-l.l   4 

-?.2  - 

O 

r   -3.8 -I 

1 

( 

-i.4 

-5.5 - 

-6.6 - 

•t.f - 

-t.9 - 

•9.9 * 

PRflBLEN =        Sl.OlTO 
3TPTZ9H r                  37 
HWIUS   «    l.WSOi*« CM. 
HEIGHT   r   I.IOOUWB CM. 

WO.b 518.0  9W.0  578.0  608. t< e3B?0  66S.'o  698.'o  TJB^Ö  TSB.'O  798.'O 

PFML HULL CPL OF SOKT EFFECT m  OflM WO STPUCTUBE PT 50P3I RPNGE 
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AFWL-TR-76-154 

( 

49.0 

42.0 

35.0 

26.0 

21.0   - 

■ 

o - 

-.0   - 

-7.0 

■U.O   - 

-«1.0 

VERTICAL DYNPM1C PPE531JHE 

\ 
.    PROBLEM = 

RADIUS   s 
«UOKT   = 

\ 

51.0170 
37 

i.iiasnE*»  CM. 
i,ianaE+Q3  CM. 

460.0      5100      540 .'a     970:0     60B.J0     SSO.'o     eSO.'O     690.0     TSB.'O     -TSB.'O     790.0 
TIMEIMS.» 

flFML HULL CPL OF 5QKT EFFECT ON DflM PND 3TPUCTURE PT 50P5I RPNGE 
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AFWL-TR-76-154 

QVEP PRE551IPE 
50.0 

«.0   - 

•w.o - 

3S.0 

a 
S    30.0 

?    25.0 

Jj     20.0 

I 
15.0   ^ 

10.0 

5.0   - 

.0   -■ 

Pfl89LEM 51.0170 

■■y 

STflTlOM r 64 
WOIUS n 1.295QE*0| CM. 
HEIGHT s 2.2500E*a3 en. 
PO r 1.0(D6£*a 

'WO.O     «0.0     510.0     9W.'0     mÖ     fiOQ.'o     räÖTÖ     86G.'Q     9«0.0     780.0     750.0 
n»1CIH5.1 

flFWL HULL CPL OF SOKT EFFECT 0M DflM PND STRUCTURE AT 50P5I RPNGC 
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y ilumiMMMW—wi 

r 
AFWL-TR-76-154 

I 

* 

19.0 

lf.0   - 

11.0   - 

1?.0   - 
«■ 

o 
?     10.0 

£ 

t 

s.o 

6.0   - 

«.0   - 

2.0   ■ 

.0   - 

-a.o 

HöfliLÖNTflL CYNfimc PRESSURE 

PflflBL«^ r 51,0170 
sTflnan s 64 
wows = 1.2950E*« 01 
HCIÖHT   = 2.250Q£«-Q3 CH 

150.0     WO.'O     SIDLU     »0.V0     S70.'o     SOO.'o     630 .'o     MtJ     SSO.'o      730.'o     750.0 
TIME f »13.1 

flFWL HULL CflL OF   5QKT EFFECT ON DflM PND STRUCTURE AT 50P3I RANGE 
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ArWL-TR-76-154 

o 

6.0   -1 

«.0 

?.Q   - 

.0   - 

-?.Q   - 

I 

£ 

-fi.O 

«.0 

•10.0 

VEBTICPL DfMflHIC Pf€93W£ 

pnaflu.« 51.0170 
STpriQii r 64 
WOIUS z Kssowm CH. 
HtlCHT z 2,25O0t*O3 CM. 

-12.0   ■■ 

' 1,50.0      WO.'o      510.0      SII.Q      yjÖTÖ"    MOJO"    630.0      (60.0      69U.D       ^30.0      TSP.O 
nut ins.» 

RFWL HULL CPL HP SQKf EFFECT m  OHM PNU 3rRUCriJPL 9T  ^nP3I HHMGE 
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